ABSTRACT: Diverse taxa from many systems must make tradeoffs between food and safety. However, few studies have examined the response of multiple fish species to food and predation risk at night across their foraging landscape. In Biscayne Bay, Florida (USA), we investigated the influences of food and predation risk on nocturnal habitat use of gray snapper, bluestriped grunt and seabream along a distance gradient spanning from the mangrove-seagrass ecotone to 120 m offshore. Seine and submerged vegetation sampling were used to determine the distribution of fishes and their food resources. Tethering experiments were used to explore gradients in predator encounter rates. We used these data to test the following a priori predictions of fish distributions relative to food and risk as generated from foraging theory: (1) fishes will be distributed in proportion to their food supply (i.e. ideal free distribution, IFD); or (2) fishes will avoid high-risk areas such that their abundances will be lower than predicted by food resources in high-risk habitats (i.e. food -risk tradeoff). Results indicated that none of the fishes were distributed according to IFD. Seabream and gray snapper avoided foraging close to shore, where their food was abundant, but risk was highest. Bluestriped grunt responses to spatial variation in food supply and risk were less clear; they appeared to forage randomly across the distance gradient. Our results suggest that fish generally avoid the risky mangrove-seagrass ecotone, but responses to variation in food and risk are species-specific and may be dependent on specific anti-predator tactics or influenced by factors we did not measure.
INTRODUCTION
Predators can affect prey distribution and abundance through direct predation (Krebs & Davies 1984) and non-consumptive or 'risk' effects, such as alteration of prey behavior and habitat use (Werner et al. 1983 , Brown 1999 , Creel & Christianson 2008 . While foraging, most animals are susceptible to predation because behaviors that enhance foraging opportunities typically also increase predation risk (e.g. increased activity levels; discussed by Lima & Dill 1990 , Lima 1998 . Moreover, habitats that contain the greatest food resources are often the most dangerous (Sih 1980 , Brown 1988 , Brown & Kotler 2004 . Thus, a tradeoff often exists between foraging opportunities and the risk of predation (Sih 1980 , Lima & Dill 1990 , Houston et al. 1993 . By sacrificing feeding rate for safety (e.g. shifting to safer but less profitable feeding patches) in response to risk, consumers can impact the behaviors and abundances of other organisms, which can initiate trophic cascades (Creel & Christianson 2008 . Thus, understanding how organisms respond to food -risk tradeoff is important for predicting how these individuals and their commu-nities are likely to respond to anthropogenic impacts (discussed by Morris 2003 .
Behavioral optimization theory and associated models provide a theoretical framework, which is applicable across taxa and systems, for studying the influence of food availability and predation risk on forager habitat use. The ideal free distribution (IFD; Fretwell & Lucas 1970 ) is the basis of many habitat selection models and can be used as a null model for assessing factors influencing habitat use during foraging, including predation risk (e.g. van Baalen & Sabelis 1993 , Heithaus et al. 2007b . The basic IFD model predicts that foragers will be distributed across habitat patches in proportion to their food supply (Fretwell & Lucas 1970) and, therefore, the densities of foragers relative to their food availability (i.e. the ratio of foragers relative to their food availability) should be equal across habitats (Heithaus et al. 2007b , Wirsing et al. 2007 . If predation risk varies across habitats, however, many foragers will forego foraging opportunities to enhance their safety (see Lima & Dill 1990 , Lima 1998 , Brown & Kotler 2004 for reviews). This should lead to relative densities of foragers in safer habitats being greater than they would be in the absence of predation risk (e.g. in dolphins Tursiops aduncus, Heithaus & Dill 2002 ; in perch Perca fluviatilis, Bystrom et al. 2003 ; in elk Cervus elaphus, Ripple & Beschta 2007;  in harbor seals Phoca vitulina, Frid et al. 2007 ). Numerous currencies have been proposed for optimizing the tradeoff between predation risk and food availability (see Brown 1992 , Brown & Kotler 2004 . In many situations, foragers (especially juveniles) may select the habitat that minimizes the ratio of predation risk (μ) to foraging rate (f ) (i.e. minimize μ/f) (Gilliam & Fraser 1987 , similar to pF in Brown 1992 . Working in experimental streams, Gilliam & Fraser (1987) found that foraging under predation risk in juvenile creek chub (Semotilus atromaculatus) agreed well with this model's theoretical predictions. However, because energy intake in habitats is usually density dependent, the quality of a given habitat will decline as more foragers accumulate in it, thereby increasing μ/f. Therefore, foraging animals are unlikely to all select the same habitat and individuals will begin selecting higher-risk habitats when foraging rewards offset the cost of increased predation risk (Brown & Kotler, 2004) . Furthermore, some individuals may select high-risk, but high-reward, habitats even if the value of μ/f is relatively high. For example, individuals in poor body condition often accept higher risk in order to forage in high quality habitats (McNamara & Houston 1987 , Sinclair & Arcese 1995 , Lima 1998 , Heithaus et al. 2007a and some age-sex classes that can benefit from increased body condition will take greater risks in order to realize fitness gains (e.g. Cresswell 1994 , Brown & Kotler 2004 .
The combined effects of food availability and predation risk on fish foraging behavior has been investigated via both laboratory (e.g. Abrahams & Dill 1989 , Grand & Dill 1997 , Dupuch et al. 2009 ) and field experiments (e.g. Werner et al. 1983 , Dahlgren & Eggleston 2000 , Grol et al. 2008 , primarily during daylight hours. In contrast, relatively little attention has been directed towards fish foraging decisions at night when many foragers emerge from refuges to feed and predators commence hunting. Moreover, most studies investigating habitat use have typically examined foraging behavior in discrete habitat patches, e.g. structurally complex 'safe' habitats versus open 'risky' habitats (Lima & Dill 1990 , Lima 1998 . Few studies have examined the influences of food and risk along a habitat gradient that varies in relative safety and food availability (see Thorson et al. 1998 , Laundre et al. 2001 , Hernandez & Laundre 2005 , van der Merwe & Brown 2008 ). In addition, relatively few studies have simultaneously investigated the spatial responses of multiple prey species of different trophic guilds to the same predators, even though most systems contain a variety of species that may respond differently to the same predators (see Vesakoski et al. 2008 , Heithaus et al. 2009 , Valeix et al. 2009 ).
Mangrove-seagrass systems provide an opportunity to study the response of multiple fish species of different trophic guilds to food availability and predation risk at night across their foraging landscape. It is well established that during daylight hours, a diverse group of fishes primarily shelter amongst mangrove prop roots (e.g. Robertson & Blaber 1992 , Laegdsgaard & Johnson 1995 . However, at night, many of these fishes disperse into adjacent seagrass beds to feed. This is supported by a variety of evidence including results from a combination of gut content analysis (Randall 1967) , stable isotopes (Kieckbusch et al. 2004 , Nagelkerken & van der Velde 2004a , visual surveys (Rooker & Dennis 1991 , Serafy et al. 2003 , seine sampling (Hammerschlag & Serafy 2010 ) and tagging investigations (Verweij & Nagelkerken 2007 , Luo et al. 2009 ). Nocturnal selection of seagrass beds by fishes as primary feeding sites appears to be related to elevated availability and accessibility of prey, many of which emerge from the vegetated substrate at night (Mattila et al. 1999 , Nagelkerken et al. 2000 , Unsworth et al. 2007 , Valentine et al. 2007 ). However, how predation risk and food supply influence fish distribution patterns within seagrass beds during foraging at night remains poorly understood (Hammerschlag et al. 2010a) . Recent evidence suggests that predation risk in these systems may be relatively high, especially at night (Chittaro et al. 2005 , Rypel et al. 2007 , Doren-bosch et al. 2009 ) and thereby likely to influence fish distribution patterns (Dahlgren & Eggleston 2000 , Grol et al. 2008 .
In the present study, we conducted sampling and observation of fishes in subtropical Biscayne Bay, Florida (USA) to investigate the combined effects of food availability and predation risk on nocturnal fish distributions in an area spanning from the mangrove-seagrass ecotone out to 120 m from shore in adjacent seagrass beds. To achieve this objective, we conducted an integrated set of quantitative nocturnal studies, which collectively tested a priori predictions (based on foraging theory) as to whether fishes: (1) were distributed across their foraging landscape in proportion to their food supply (i.e. according to the IFD theory; Fretwell & Lucas 1970) ; or (2) avoided high-risk habitats such that relative abundances were lowest in habitats with relatively high risk and vice versa (i.e. food -risk tradeoffs; Gilliam & Fraser 1987) . Research focused on the foraging habitat use of 3 fish species representing different trophic guilds: the gray snapper Lutjanus griseus (generalist zoobenthivore), the bluestriped grunt Haemulon sciurus (crustacean zoobenthivore) and the seabream Archosargus rhomboidalis (herbivore).
MATERIALS AND METHODS
Study area. This study was conducted in an area along the leeward side of Elliott Key, between 25.43 and 25.40°N at the eastern boundary of southern Biscayne Bay, Florida, USA (Fig. 1) . The shoreline is fringed by a continuous band of red mangroves ). Along the transect, within each distance, pinfish were spaced 10 m apart. Each transect was visited on different days to enable 2 trials for each transect for a total of 108 tethering experiments. Distance between transects was 500 m. All 3 transects were adjacent to a continuous band of red mangroves (Rhizophora mangle) whose prop root edge directly borders dense seagrass beds (mostly Thalassia testudium) (Rhizophora mangle) , where the prop root edge directly borders dense seagrass beds (mostly Thalassia testudium). Sampling activities were focused along three 120 m long transects that extended perpendicularly from shore ( Fig. 1) . All 3 transects were adjacent to mangroves that are used as daytime shelter by fishes (Serafy et al. 2003 . Water temperature along these transects ranged between 32.2 to 34.9°C and salinity was stable (range: 34 to 39). Across transects, seagrass and macroalgae bottom cover was high (range: 66 to 96%) and depths were consistently shallow (range: 72 to 120 cm) out to 120 m from shore (Table 1) . Seine net sampling also indicated that the composition and structure of fish communities were very similar among transects (Hammerschlag & Serafy 2010) . Consistency in the above physical and abiotic characteristics among transects (Table 1 ) allowed us to minimize variation in environmental factors which could confound predator-prey relationships (e.g. Hammerschlag et al. 2006) . Focal fishes. We selected juvenile gray snapper, bluestriped grunt and seabream because (1) these species are among the most easily identified fishes in our location; (2) each is representative of a different trophic guild (seabream -herbivore, bluestriped grunt -crustacean zoobenthivore, gray snappergeneralist zoobenthivore; Hammerschlag et al. 2010b ); and (3) two have economic importance in the region's recreational fishery and dive tourism industry (gray snapper and bluestriped grunt). We focused on individuals ranging between 10 and 25 cm in total length (TL) since this size class represents fishes that are best known to make diel movements among mangroves to seagrass habitats (Rooker & Dennis 1991 , Nagelkerken et al. 2000 , Hammerschlag & Serafy 2010 .
To examine the effects of food availability and predation risk on fish habitat use along our transects, we first quantified patterns of fish distribution, food abundance and predation risk.
Fish distribution and food supply. Previous gut content studies of the focal fishes in our study area (Hammerschlag et al. 2010b ) revealed that gray snapper fed primarily on small fishes (hardhead silversides Atherinomorus stipes; mojarras Eucinostomus spp., rainwater killifish Lucania parva) and crustaceans (pink shrimp Farfantepenaeus duorarum, and caridean shrimp). Bluestriped grunts fed almost exclusively on caridean shrimp, while seabream fed almost exclusively on seagrass (mostly Thalassia testudium) and algae.
Between July to September 2007 (Florida's wet season), we used center-bag seine nets (21.3 m long, 1.8 m high, 3 mm mesh) to simultaneously assess distribution and abundance of both focal fish species and their potential invertebrate and fish prey along our transects (Hammerschlag & Serafy 2010) . Sampling occurred every 20 m along the three 120 m long transects (Fig. 1D ). Seine nets were hauled parallel to shore against the current (or wind, if stronger) and pursed such that a standardized area of 142 m 2 was sampled with each haul. At least 2 seine samples were collected simultaneously and the sequence at which each distance was sampled was chosen randomly. We maintained standardized sampling distances by measuring actual distances from shore using demarcated transect tapes. Sampling was conducted in complete darkness, at least 0.5 h after sunset and within 2.5 h of low tide. Each transect was visited on different days to facilitate the collection of 3 to 4 seine samples for each transect -distance combination (i.e. 9 to 12 samples per distance). Focal fishes and their food items were collected, counted and measured to the nearest mm TL. Between 100 and 500 ind. of each species were weighed to the nearest 0.01 g in the laboratory using digital scales to generate length-weight relationships. Because seagrass and algae are the primary food sources of seabream in our study area, we also quantified vegetation cover every 20 m along the three 120 m transects by estimating the percent cover of seagrass and algae within 50 × 50 cm quadrats (10 quadrats per distance-transect combination). Vegetation height (cm) was also measured within each quadrat, where the measurement point was selected randomly to minimize bias. This sampling method was chosen to be consistent with existing aquatic vegetation monitoring programs in the region (Fourqurean et al. 2001 , Browder et al. 2009 32.9 ± 0.2 37.2 ± 0.4 83.9 ± 2.5 28.4 ± 0.9 110.8 ± 4.9 Table 1 . Transect-specific means (±1 SE) of abiotic and physical environmental variables measured at the study area in the wet season: water temperature, salinity, vegetation cover, canopy height and depth. Transects were selected based on consistency in environmental conditions. ANCOVA revealed no significant transect-specific differences in relationships between environmental factors and distance from shore (i.e. temperature, p > 0.51; salinity, p > 0.51; cover, p > 0.15; height, p > 0.57; depth, p > 0.24)
Predator encounter rates. To seasonally correspond with the period of seine sampling from July to September 2008 (wet season), we assessed nocturnal patterns of predator encounter rates along our transects using tethering experiments (Hammerschlag et al. 2010a) . Pinfish Lagodon rhomboides were used as bait because individuals in the size range corresponding with the focal fishes were readily available from commercial suppliers and pilot studies demonstrated that pinfish were both physically and behaviorally robust to our tethering process (Hammerschlag et al. 2010a) . Specifically, during pilot work, no fish died, exhibited signs of injury, or broke from their tether lines. Furthermore, tethered fish maintained equilibrium and showed no signs of erratic swimming behavior. Pinfish routinely swam from the substrate towards the water's surface, in and out of seagrass, without entanglement.
The tethering technique we employed was modified from Ellis & Bell (2004) . The gear consisted of: (1) a 2 m long (11.3 kg test) monofilament center line with a 227 g lead weight attached at one end and a small, plastic float attached to the other; and (2) a 1 m long (11.3 kg test) monofilament tether line. During deployment, the center line was positioned by pushing the weight into the sediment, allowing the float to sit at the surface. To secure the tether line to a pinfish, one end of the line was threaded through the mouth, out through the operculum, and tied to form a loose loop, just forward of the pinfish's snout. Finally, to secure the tether to the center line, it was connected to the center line using a snap-swivel (0.5 g). This snap-swivel attachment permitted pinfish to move freely in a vertical cylinder, with a 2 m diameter, from the seagrass to the water surface (Hammerschlag et al. 2010a) .
To examine relationships between pinfish removal rates (a proxy for predator encounter rates by our focal species) and proximity to mangroves, tethered pinfish were deployed at distances of 10, 50, and 110 m from the mangrove shoreline along the 3 transects. An experimental trial was composed of a group of 6 tethered pinfish simultaneously deployed at each of the 3 distances from shore along a single transect (i.e. n = 18 fish trial -1 along a single transect; Fig. 1E ). At each distance, pinfish were spaced 10 m apart. All tethers were retrieved after 60 min, with absence of the pinfish (or presence of a severed fish or predator on the line) being recorded as a predation event. To correspond with seine sampling, all experiments were conducted in complete darkness from 0.5 to 2.0 h after sunset and within 2.5 h of low tide. Each transect was visited on different days to enable 2 trials transect -1 (Fig. 1E) .
Data analyses. Mean densities of gray snapper, bluestriped grunt and seabream were determined for each transect -distance combination using a deltadistribution mean estimator (Fletcher et al. 2005) , which is a measure of fish density (hereafter just density) that separately considers the proportion of samples positive for a given fish species (i.e. frequency of occurrence) and its mean density when present (i.e. concentration). This approach was previously used to examine mangrove fish density patterns in Biscayne Bay , Faunce & Serafy 2008 . To reveal overall relative fish density-proximity patterns, we calculated relative fish densities at each distance from shore (following Heithaus et al. 2009 ) by dividing the mean fish density at each distance by the sum of mean fish densities across the 120 m distance gradient. Relative fish densities were calculated separately for all transects. ANCOVA revealed no significant transect-specific differences in density-distance relationships (p > 0.05 for all species), so subsequent relationships between relative fish density and distance (pooled by transect) were evaluated using regression analysis, applying linear and quadratic models.
Food available to foraging fishes was determined by using all food types that were frequently consumed by the focal fishes (i.e. prey items occurring in > 5% of fishes collected, following Krebs 1998) based on our stomach content analysis (Hammerschlag et al. 2010b ). Mean biomass of prey items in each transect -distance combination were used to measure food availability for each of the focal fishes. Prey biomass in each sample was determined from overall catches by applying species-specific length-weight relationships (following Heithaus & Dill 2002) . To reveal overall relative food supply-proximity patterns, we calculated relative food abundance at each distance from shore (following Heithaus et al. 2009 ) in the same manner as for relative fish density (i.e. mean food biomass per distance divided by the sum of mean food abundances across the distance gradient). Because seabream consumed vegetation (seagrass and macroalgae), we also calculated above-ground vegetation volume (area covered × height; m 3 ) for each quadrat (following Wirsing et al. 2007 ). Relative vegetation volume was calculated in the same manner for each transect, by dividing mean vegetation volume at each distance from shore by the sum of mean vegetation volume across the 120 m distance gradient (following Heithaus et al. 2009 ). Transect differences in biomass-distance relationships were not significant (ANCOVA, p > 0.30 for all species), thus subsequent relationships between relative food abundances and distance (pooled by transect) were evaluated via regression analysis, applying linear and quadratic models.
To test theoretical predictions of the links between food availability, predation risk, and forager abun-dance, we calculated the ratio of foragers relative to their food availability (hereafter referred to as 'relative forager densities'; e.g. Heithaus et al. 2007b , Wirsing et al. 2007 ) by dividing the relative abundance of foragers by the relative food abundance at each distance from shore (following Heithaus et al. 2009 ). A ratio of 1.0 across all distances indicates that fish habitat use is proportional to food abundance (an ideal free distribution). Values <1.0 indicate undermatching of resources (i.e. fewer foragers than predicted by food abundance and presumably higher intake rates per forager), while values >1.0 indicate overmatching of food resources (i.e. more foragers than predicted by food abundance and presumably lower intake rates). If foragers were distributed according to an IFD, we would expect 'all distances' from mangroves to have relative forager densities of 1.0, but to deviate from this pattern if other factors (e.g. predation risk) were influencing nocturnal fish distributions. Relationships between relative forager densities and distance were examined using regression analysis.
In cases where fish did not match an IFD, we investigated whether predation risk might be responsible for deviations from model predictions by comparing tether predation losses at each distance from shore using logistic regression on data presented by Hammerschlag et al. (2010a) . Predation rate-distance relationships did not differ significantly among transects (ANCOVA, p > 0.40), thus a single relationship between predation rate and distance from shore was calculated following Baker & Sheaves (2007) and applied along the entire distance gradient for all 3 focal fishes.
To gain insight as to whether fishes were distributed such that they were optimizing energy intake and safety, we calculated a proxy for μ/f at each distance from shore and compared these values with observed fish distributions. To calculate these estimates of μ/f, we divided the rate of predation loss in tethering experiments by relative food supply (Dahlgren & Eggleston 2000) . While this measure does not take into account density-dependent declines in food intake at a particular distance, it provides insight into the relative risks and gains available to fishes at each distance. Relationships between μ/f and distance from shore were evaluated using regression analysis.
In addition, we further hypothesized that if fish were responsive to predation risk as well as shifted habitats in a way that minimized the ratio of mortality risk to foraging rate, then we would expect to see μ/f values correlate with deviations from IFD. In particular, we hypothesized that μ/f values would be highest where relative forager densities were lowest (i.e. values <1.0) and vice versa. All statistical analyses were performed using SAS (1990) software.
RESULTS
Sixty-two seine samples yielded 315 specimens of juvenile gray snapper (n = 58), bluestriped grunt (n = 128) and seabream (n = 129), ranging in size from 10-25 cm TL for gray snapper and bluestriped grunt and 10-20 cm TL for seabream. Gray snapper and seabream relative densities significantly increased with increasing distance from shore (R 2 = 0.34, p < 0.01, Fig. 2A ; R 2 = 0.59, p < 0.01, Fig. 2E, respectively) . In contrast, bluestriped grunt showed no significant change in density along the distance gradient (Fig. 2C) . Detailed densitydistance relationships of the focal fishes can be found in a complementary paper (Hammerschlag & Serafy 2010) ; however, mean fish density-distance patterns are also provided in Table 2 , which mirror relative fish densitydistance distributions (Fig. 2) .
Seining also yielded 5609 potential food items of gray snapper and bluestriped grunt. This included caridean shrimp for bluestriped grunt (their primary prey) and mojarra, rainwater killifish, hardhead silverside, pink shrimp and caridean shrimp for gray snapper. Mean biomass and lengths of different fish food items across the distance gradient are provided in Table 3 . Relative prey availability for gray snapper showed no significant change along the distance gradient, although biomass tended to be higher closer to shore (Fig. 2B, Table 3A ). In contrast, bluestriped grunt prey availability followed a parabolic distribution pattern along the distance gradient (R 2 = 0.54, p < 0.01, Fig. 2D ; Table 3A) , with lowest values at intermediate distances. A total of 178 quadrats provided estimates of above-ground vegetation volume (seabream food) along the distance gradient. Seabream food supply significantly decreased with increasing distance from shore (R 2 = 0.51, p < 0.01, Fig. 2F ; Table 3B ). Logistic regression based on data from 108 tethered fish indicated a negative correlation between predation losses and distance from shore (p < 0.01, concordance index c = 0.65; Fig. 3) , with predation loss ranging from 70% nearest the mangroves (10 m) to 35% at the furthest distance from shore (110 m). This relationship was subsequently used to represent predation pressure along the entire distance gradient for all 3 focal fishes.
Gray snapper distribution relative to its food supply (i.e. ratio of foragers relative to their food availability) significantly increased with increasing distance from shore (R 2 = 0.46, p < 0.01, Fig. 4A ). This indicates undermatching of food supply near shore (0 to 40 m) and overmatching of food abundance at distances of 80 to 120 m. Bluestriped grunt habitat use relative to their food abundance followed a parabolic distribution pattern (R 2 = 0.31, p < 0.02, Fig. 4C ). This suggests approximate matching of food abundance near shore (0 to 40 m), overmatching between 40 to 80 m from shore, and slightly undermatching of food supply furthest from shore (80 to 120 m). Seabream distribution relative to their food supply significantly increased with increasing distance from shore (R 2 = 0.64, p < 0.01, Fig. 4E ), indicating undermatching of food supply near shore (0 to 40 m), and overmatching at further distances (60 to 120 m).
For gray snapper and seabream, μ/f significantly decreased with increasing distance from shore (R 2 = 0.27, p < 0.03, Fig. 4B ; R 2 = 0.97, p < 0.01, Fig. 4F , respectively). For bluestriped grunt, μ/f followed a parabolic pattern ) at each distance in our study area. ANCOVA revealed no significant transect-specific differences in fish density-distance relationships (i.e. gray snapper, p > 0.61; bluestriped grunt, p > 0.62; seabream, p > 0.49). Detailed densitydistance relationships of the focal fishes can be found in Hammerschlag & Serafy (2010) ; however, mean fish density-distance patterns mirror relative fish density-distance distributions displayed in Fig. 2 . See text for details with distance (R 2 = 0.51, p < 0.02, Fig. 4D ), with highest values tending to be closer to shore (0 to 80 m) and lowest values tending to be furthest from shore (80 to 120 m).
DISCUSSION
If the focal fishes were distributed across the distance gradient in proportion to their food supply (i.e. an ideal free distribution), relative forager densities (i.e. the ratio of foragers relative to their food availability) at all distances from mangroves should have been~1 .0; however, this was not the case for any of the focal fishes along the transects. Thus, all 3 species do not appear to concentrate their foraging in a way that solely maximizes energy intake rates. Stomach content analysis of our fishes suggest that they were foraging during our sampling period (Hammerschlag et al. 2010b) ; however, it is worth considering that if some species were in transit to or from the mangroves, our measure of relative forager densities would have tended to overestimate the abundance of fishes foraging nearest the mangroves. Thus, if there was a true IFD in such a case, we would expect relative forager densities to be slightly >1.0 nearest the shore; however, the opposite pattern was found for all 3 species.
Both gray snapper and seabream distributions were generally consistent with predictions of a food -risk tradeoff. They undermatched food resources near shore and exhibited the highest densities in the safest habitats furthest from the mangroves. Both species avoided foraging in high-risk, but productive areas near mangroves. This pattern suggests that seabream and gray snapper travel far from shore to forage at a reduced risk of predation. Consistent with our hypotheses for both species, μ/f values generally correlated with deviations from IFD (i.e. μ/f values were highest where foragers undermatched their prey and vice versa). However, there was less consistency in this pattern across sites for gray snapper at the furthest distances from shore. 3.0 ± 1.5 1.2 ± 0.4 1.3 ± 0.9 1.1 ± 0.4 1.2 ± 0.6 2.0 ± 0.7 Pink shrimp (biomass)
16.9 ± 6.6 17.9 ± 3.7 12.0 ± 3.9 20.3 ± 5.6 19.3 ± 9.6 15.2 ± 3.6 Caridean shrimp (biomass) 4.3 ± 1.4 2.9 ± 1.4 1.8 ± 0.6 2.4 ± 0.9 3.7 ± 1.1 6.6 ± 2.3 Seagrass (% cover) 87.8 ± 2.4 87.9 ± 2.1 85.3 ± 3.0 80.1 ± 2.9 73.6 ± 4.0 75.0 ± 3.0 Algae (% cover)
8.4 ± 1.6 6.4 ± 1.5 4.5 ± 0.9 10.6 ± 2.2 9.7 ± 1.2 8.2 ± 1.0
(B) Food length (cm) & vegetation volume vs. distance
Hardhead silversides (TL) 4.6 ± 0.9 4.5 ± 0.9 4.4 ± 0.9 4.4 ± 0.9 4.2 ± 0.9 4.4 ± 0.9 Mojarras (TL) 4.7 ± 1.7 4.8 ± 1.7 4.9 ± 1.7 4.5 ± 1.5 4.5 ± 1.7 4.3 ± 1.8 Rainwater killifish (TL) 2.1 ± 0.3 2.1 ± 0.4 2.1 ± 0.3 2.1 ± 0.3 2.1 ± 0.3 2.1 ± 0.3 Pink shrimp (TL)
1.5 ± 0.6 1.6 ± 0.5 1.4 ± 0.5 1.7 ± 0.6 1.6 ± 0.6 1.4 ± 0.6 Caridean shrimp (TL) < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 Vegetation height (TL) 32.5 ± 1.7 36.2 ± 2.3 27.4 ± 1.0 27.7 ± 1.6 25.0 ± 1.3 24.8 ± 1. ). TL: total length (cm). Shrimp length measurements were post-orbital lengths. All caridean shrimp measured were between 0.2 to 0.5 cm. In our study area, gray snapper feed on hardhead silversides, rainwater killifish, pink shrimp, and caridean shrimp. Bluestriped grunts feed almost exclusively on caridean shrimp, while seabream feed almost exclusively on vegetation, composed of seagrass (mostly Thalassia testudium) and algae (Hammerschlag et al. 2010b) . In contrast to gray snapper and seabream, bluestriped grunt did not appear to avoid foraging nearest the mangroves, although relative abundances were below that predicted by food abundance. Moreover, bluestriped grunt deviations from IFD along the distance gradient were not consistent with μ/f predictions or our hypotheses relative to IFD deviations. Perhaps schooling by grunts (Hobson 1965) or other anti-predator tactics or adaptations (e.g. crypsis, vigilance) allow them to compensate for higher predator encounter rates near shore.
Deviations from our predictions could be due to our proxies for both μ and f. First, we used removal rates of tethered pinfish to estimate encounter rates with predators. It is possible that predator encounter rates would be different for each of our focal species. This possibility, however, is unlikely because pinfish, seabream, gray snapper and bluestriped grunt occupy the same habitat, have similar body forms, are characterized by similar length-frequency distributions within the same study area, and share common predators (de Sylva 1963 , Starck & Schroeder 1970 , Castro 2000 , Newman 2003 . Moreover, gillnet catch rates of lemon sharks (Negaprion brevirostris, a major predator of the focal fishes; Newman 2003) in our study area are highest closest to shore (Hammerschlag et al. 2010a) , corresponding with our tether removal rates of pinfish. Additionally, tracking studies from nearby sites indicate that lemon sharks focus nocturnal search efforts near the mangrove shoreline (Morrissey & Gruber 1993 , Franks 2007 . In fact, crossing ecotones between refuges and feeding patches should be risky for foragers because the concentration of individuals in refuges and the predictability of their movements attract predators. Therefore, it is highly likely that the propensity of our focal species to undermatch resources near shore is indeed driven by predator avoidance. However, although there is no reason to believe that tethering results would be different for all focal species, it is possible and further research is needed to validate this. Deviations from predictions at greater distances from shore may be due to a number of sources of error. For μ, our proxy only measures predator encounter rates, whereas predation risk is the product of both the probability of encountering a predator and the probability of death given the encounter (Hugie & Dill 1994) . Our proxy for μ does not account for possible inter-specific differences in the probability of escape given an encounter with predators, which could result from differences in grouping or escape tactics (e.g. Martin et al. 2005 , Wirsing et al. 2010 see below) . Also, we could not assess the total time spent being exposed to predators, which may vary with excursion distance and, therefore, could result in higher total exposure to predators than our proxy of μ would suggest. Foraging considerations affecting our measure of f may also cause deviations from our predictions. Animals are predicted to optimize energy intake rates, which do not necessarily correlate with standing stocks of prey for several reasons including prey anti-predatory behaviors, differential prey selectivity by the fishes for particular food types, or interference competition (e.g. Comins & Hassell 1979 , Tregenza 1995 , van der Meer & Ens 1997 . At further distances from shore in our study, food resources may begin to become depleted or interference competition likely increases (Sutherland et al. 1988 , Sutherland & Parker 1999 , as more fishes begin to forage there. Although tethering and seine studies were conducted during the wet seasons of alternate years, we do not believe there were any significant year effects for 2 reasons. It is worth considering that although we found predator encounter rates to be highest at our closest tethering locations (10 m), predation risk may be relatively low immediately adjacent to the mangrove edge or under the prop roots. Indeed, the use of mangroves as a refuge during the day is well-known (Robertson & Blaber 1992 , Laegdsgaard & Johnson 1995 , Serafy et al. 2003 . While fish encountering predators very close to mangroves would have a reasonable chance of escaping back to the prop roots, such escape is much less likely by the time fish have moved 10 m offshore, especially at night when a fish's ability to detect patrolling predators may be hindered. Acoustic tracking of gray snapper supports our notion that they avoid areas near mangroves despite high food availability. At sunset, snapper migrate rapidly out of the mangroves in a synchronized fashion and do not forage in seagrass nearest the mangroves (Luo et al. 2009 ). For both gray snapper and seabream, selecting offshore foraging locations represents an energetic cost since their food supply is high near the mangroves.
The present study is the first to investigate the influences of food availability and predation risk on nocturnal fish habitat use patterns along a continuous mangrove-seagrass distance gradient. This is also one of the first studies to use behavioral optimization theory to develop testable predictions about the behavior of fish in response to food or predation risk in these systems (e.g. Dahlgren & Eggleston 2000) . However, we caution against broad generalizations based on our study results due to low replication in both space and time. Our results indicate that while some species (e.g. seabream, an herbivore, and gray snapper, a generalist zoobenthivore) appeared to trade off food for safety and foraged away from the mangrove-seagrass ecotone, bluestriped grunt (a crustacean zoobenthivore) did not match theoretical expectations, and foraged randomly across the distance gradient despite habitat spatial variation in food supply and predation risk.
Individual forager responses to variation in predation risk and food availability are not necessarily straightforward. Species may manage risk by employing a variety of complementary behaviors besides habitat shifts (e.g. use of apprehension or vigilance; Brown 1999 , Brown & Kotler 2004 ). However, food -safety tradeoffs are ubiquitous, and it is likely that fishes in our system are using a variety of avoidance behaviors like schooling, cryptic coloration and vigilance to optimize energy gain and safety from predators (e.g. Hobson 1965 , Sogard 1992 . Thus, we recommend that future studies investigate a diversity of predator avoidance tactics simultaneously to further elucidate the role of predation risk in shaping distribution patterns of fishes along the seagrass-mangrove ecotone. This work contributes to a growing understanding of the nursery function of mangrove-seagrass systems; however, greater consideration of the combined role of food supply and predation risk in nursery function dynamics is clearly warranted (Adams et al. 2006 . 
